IntrODuCtIOn
Globally, older women experience lower mortality rates and in a few cases, lower prevalence of chronic diseases as compared with their male counterparts. [1] [2] [3] [4] Contrary to this, functional limitation and physical disability among women has been higher than that among men, particularly in low/middle-income countries. 5 6 Existing evidence shows that the difference in male-female functional limitation could be explained in terms of higher prevalence and severity of arthritis and musculoskeletal disease 4 7 among women along with psychosocial factors-women are more likely to over-report ill health and functional limitations, whereas men would under-report their weaknesses. 8 This pattern may be more evident in low/middle-income countries where gender norms significantly determine demographic, health and socioeconomic outcomes.
Examining disparities in socioeconomic status and their effect on health outcomes in developing societies is high on the list of priorities in the global agenda. A study has shown that poor economic status contributes to over half of the inequality in self-rated health among older adults in India, followed by illiteracy and rural residence. 9 However, the distribution of socioeconomic resources between men and women is not the same, which gives rise to different explanations strengths and limitations of this study ► This study, the first of its kind, examines the decomposition of socioeconomic inequality in functional deficiency and chronic illness separately for older men and women. ► The findings revealed pro-poor inequality in Instrumental Activity of Daily Living (IADL) deficiency and pro-rich inequality in the occurrence of chronic diseases among both older men and women in India. ► While being poor and illiterate contributed highest to the IADL deficiency among men, rural residence followed by social group and religion contributed most among women. ► Being poor, lives in rural areas and illiterate contributed significantly to the chronic illness among men, whereas among women, it was poor economic status, rural residence and illiteracy. ► The cross-sectional study design prevents establishment of any causal inferences from the study results.
Open access for the existing socioeconomic inequalities in health by gender. Of the total older adult population in India, nearly half of them, mostly women, are dependants, often due to widowhood, divorce or separation. 10 Majority of older adult women are deprived of economic security and receive poor healthcare. 10 If results for male and female participants are not studied separately, aggregate results may mask imperative disparities in the mechanism of functional deficiency and chronic diseases.
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Stratified by sex, income-related inequalities for functional deficiencies and chronic diseases among older adults are decomposed, and the degree to which social and demographic determinants contribute to these inequalities is identified.
This study has the following objectives: 1. To examine the differences in functional deficiency and chronic diseases among older men and women separately 2. To estimate the relative contribution of socioeconomic and demographic factors to the overall functional deficiencies and chronic diseases, separately among men and women. This study hopes to collate and analyse data to prepare and design programmes to improve the functional capacity and management of chronic diseases among the older adults in India. The National Health Policy of India, 2017 acknowledges the healthcare needs of the ageing population in India and recommends focused interventions 12 to tackle the rising burden of functional deficiency and chronic diseases. 13 MethODs study population Data required for this study were retrieved from the WHO Study on Global AGEing and Adult Health (SAGE) Wave 1, collected between 2007 and 2010 in India. SAGE is a nationally representative multicountry (China, Ghana, India, Mexico, Russian Federation and South Africa) study to monitor the health and well-being of adult population aged 50 years and older.
14 In India, respondents were selected from six states-Assam, Karnataka, Maharashtra, Rajasthan, Uttar Pradesh and West Bengal using a multistage, stratified, random sampling design with every individual having a known non-zero probability of being selected. Overall, the individual response rate was over 92%. More about the sampling process and SAGE India survey can be obtained from the official report. 14 15 This study followed the United Nation's agreed cut-off age for defining older population (60 years and older). A total of 3753 individuals (men: 1979, and women: 1774) aged 60 years and older were included in this study.
Functional deficiency and chronic disease
Two health outcome events, functional deficiency and presence of chronic diseases, were analysed. Functional deficiency was measured in terms of Instrumental Activity of Daily Living (IADL). IADL measures the ability to perform relatively complex activities of daily living. 16 Studies have identified a hierarchical structure within the disablement process model from health to disability, and concluded that the first level of disability includes persons with only mobility impairment. 17 The next level in the progression includes those with impairment in mobility plus a limitation in an IADL. Finally, level 3 includes those with mobility, IADL and basic difficulties in daily activities. 17 18 Although, IADL may not assess functional limitation in basic tasks such as sitting or standing for a long period, bathing, dressing and so on, it provides a basic understanding of the onset of functional difficulties among older adults. 19 This study follows the WHO-SAGE definition of IADL. In the WHO-SAGE survey, IADL is composed of five items that cover higher-level instrumental tasks. 15 The respondents were asked if they had any difficulty doing the following instrumental tasks during the 30 days preceding the survey: 1. …in taking care of your household responsibilities? 2. …in joining community activities (eg, festivities, religious or other activities) in the same way as anyone else can? 3. …in your day-to-day work? 4. …in reaching your destination, using private or public transport if needed? 5. …in getting out of your home?
The responses were categorised into 'none', 'mild', 'moderate', 'severe' and 'extreme'/'cannot do'. For this study, the responses were grouped into different difficulty levels: ► No difficulty (when the response was none or mild or moderate=0) ► Difficulty (when the response was severe or extreme=1). The computed value of the sum of dichotomised five variables ranges from 0 to 5, where the higher score indicates poor physical functioning.
Besides IADL, respondents were asked if they were diagnosed with any of the following chronic medical conditions (as conveyed by a healthcare professional): angina, asthma, stroke, depression, chronic lung disease and hypertension. An affirmative response regarding any of these medical conditions confirmed the presence of chronic disease.
Covariates
Guided by existing literature, individual and household level binary (1 or 0) covariates that could explain maximum dimensions of inequality were considered. The covariates are sex of the respondent (male or female), current marital status (married or unmarried), social group (Scheduled Caste/Scheduled Tribe or Non-scheduled Caste/Tribe), religion (Muslim or Others), education of the respondent (illiterate or literate), economic status (poor or non-poor), residence (rural or urban) and tobacco use (never, and ever or current). In dichotomous covariates, the assigned value '1' represents the older population in a disadvantaged socioeconomic group, and the assigned value of '0' indicates the older population in an advantageous position.
The critical role of marital status for a woman in Indian society has been documented in terms of lower access to material resources, and her own social position within and outside the family. 20 Studies from India 21 and elsewhere 22 show that both objective and subjective health measures along with healthcare use are substantially lower among older widowed women than among their married counterparts. 23 24 Earlier literature suggests the protective effect of education on an individual's health, which operates in several ways. For instance, education may positively affect health through postponing the onset of functional limitations and chronic conditions, 25 improve health through better management of illnesses and enhance individual capability to cope with negative emotions. 26 Considering fewer resources, such as power, authority, earnings, household income and wealth among women, the role of education appears to be vital in explaining women's health in low/ middle-income countries like India. 27 28 Among lifestyle factors, physical inactivity, unhealthy diet, consumption of alcohol and use of tobacco have been found to be prominent risk factors for non-communicable diseases. 29 30 In India, smoking is higher among men and they smoke throughout their lives. Women smoke less than men but tend to become smokers at an older age. 31 32 Over 70% of the population lives in rural areas in India. Owing to variations in social experience, healthcare, pension policies, state provisions, rural and urban differences in health among older adults are critical. Moreover, with the increase of rural to urban migration among the young population for better education, employment and living opportunities, the older population left behind in rural areas is at risk. 33 Historically, Scheduled Castes and Scheduled Tribes are identified by the Government of India as socially and economically backward social groups and considered to be in need of protection from social injustice and exploitation, whereas non-Scheduled Caste/Tribes enjoy a higher status in the social hierarchy. Economic groups (poor or non-poor) were derived from the household wealth index provided in the data set by using the WHO standard approach to estimate income from selected indicator variables. 34 For the decomposition analysis, the top two quintiles (representing 40% of economic status) were grouped as non-poor, and the bottom three quintiles (representing 60% of economic status) were combined as poor.
Analytical approach
Stratified by sex, a decomposition analysis was conducted to measure the contribution of select covariates to explain the burden of IADL and presence of chronic diseases in following steps. 35 First, to quantify the extent of socioeconomic inequality in IADL and chronic diseases outcomes, we used Concentration Index (CI). 36 It could be computed as twice the weighted covariance of health outcomes and relative ranking of individuals in economic gradient divided by variable mean as mentioned in equation (1) . 37 The range of CI varies between −1 and +1, where a negative value refers that the poor health outcomes concentrated among the disadvantage group and positive values refers the opposite. The zero value of CI shows absence of inequality.
where y i and R i are the poor IADL or presence of chronic diseases of the i th individual and the fractional rank of i th individual of the index of household economic status for weighted data; µ is the (weighted) mean of both health outcomes of the sample and cov w denotes the weighted covariance.
Study used method developed by Wagstaff et al 38 to decompose socioeconomic inequality in poor IADL or presence of chronic diseases into its determinants. The method enables to show how factors contribute proportionally to health inequality. For instance, any linear regression model link the outcome of interest, y, to a set of k determinants, X k as:
where ϵ is an error term. Given the relationship between y i and X k i in equation (2), the CI for y (C) can be written as:
where µ is the mean of y, X k is the mean of X k , C k is the CI for X k (defined analogously to C) and, in the last term, GC ε is the generalised concentration index for ϵ i .
In equation (3), C can be thought of as being made up of two components-'explained' and 'unexplained' components. The 'explained' or 'deterministic' component is similar to weighted sum of the CIs of the regressors where the weights are simply the elasticities associated with a percentage change in the explanatory
of y with respect to each X k . On the other hand, 'unexplained' or 'residual' refers to inequality in outcome that cannot be described by systematic variation in the X k across different socioeconomic groups.
To do a decomposition analysis, the following steps are required: 1. The outcome variable against its factors needs to be regress to find out the coefficients of the explanatory variables ( β k ). 2. Calculate mean of the outcomes and each of its factors ( µ and X k ). 3. Using equation (1) Open access a. Computing net contribution of each factor by multiplying the health outcomes elasticity with respect to that factor and its CI
Calculate the percentage contribution of each factor through dividing its net contribution by the CI of the health outcome
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results Table 1 presents the sample distribution of population aged 60 and above covered in the SAGE survey. Nearly, three-fifths of the sample size belonged to the age group 60-69 years among both men and women. Over half of the women (54%) were widowed as compared with just 11% among men. Every three out of four women in the sample did not attend any formal level of schooling, whereas the corresponding figure among men was 36%. Majority of the older population resides in rural areas (70%). Nearly 75% of the men used tobacco, while among women, it was 38%.
The decomposition analysis has been interpreted based on three components: mean, marginal effects and CIs. Negative CI for IADL (or functional deficiencies) indicates that inequality was concentrated among the poor, and positive CI for chronic diseases among the rich, which indicates a higher burden. Positive (negative) contributions of association can be interpreted by indicating that the total health inequality would be lower (higher) if that association had no impact on the health outcome (instead of that reflected in marginal effects). The contributions are a mixture of positives and negatives, which sum up to 100. The positive percentages were adjusted on a pro rata basis to offset the negative percentages, as the positive percentages exaggerate the importance of the determinants. Each health outcome analysis was trailed by a gender-based comparison to comprehend if there were any real contrasts among the contributions of various sociodemographic constituents among men and women in their income health inequality.
Results of the relative contribution of sociodemographic factors to functional deficiencies were highest among those with poor economic status (39%), followed by those who were illiterate (23%), which collated to 61% of total explained inequalities (table 2). Findings show that nine selected covariates together explained 82% of the total inequalities. Sex-stratified analysis highlights major contrasts, where the positive adjusted percentile contribution by poor economic status for men was 61.8%, whereas it was negative for women and thus, adjusted on the pro rata basis for other positive contribution factors (table 3) . The highest percentile contribution in functional deficiencies among women was rural resident (50%), which was substantially low at 5% among men. The second point of comparison was illiteracy, which was 27% for men and only 0.1% for women. Among women, Muslims accounted for 17% of the total inequality in functional deficiency and SC/ST social groups, another 16%.
In case of chronic health condition (table 4) , about 93% of the relative contribution of sociodemographic factors was shared by three factors-poor economic status (42%), rural residence (31%) and illiteracy (20%). Sex-wise comparison (table 5) suggests that among both men and women, poor economic status (45% and 41%) contributed the highest, followed by rural place of residence (31% and 27%) and illiteracy (18% and 22%), respectively. However, among women, the contribution of social groups (SCs/STs) was noticeable (9%).
DIsCussIOn AnD COnClusIOn
Although health disparities by socioeconomic group have been firmly established with years of research, difference in functional ability and chronic health by sex remains inconclusive among older adults in low/middle-income countries. We believe that this is the first study on sex-stratified decomposing socioeconomic inequality in functional deficiency and chronic illness among older adults in India.
The findings show pro-poor inequality in IADL (or functional) deficiency and pro-rich inequality in the presence of chronic illness among older adults sample. Determinants such as poor economic status, illiteracy and rural residence were major contributors to overall IADL deficiency, and there is a similar pattern among men. However, in the case of women, rural residence, belonging to SCs/STs social groups and being Muslim contributed significantly to IADL deficiency. The findings further suggest that poor economic status, followed by rural residence and illiteracy contributed the highest in explaining overall inequality in chronic health. Available evidence from India and other low/ middle income countries highlighted low economic status, 27 39 poor education 40 41 and residential segregation, [42] [43] [44] as key predictors of functional ability and presence of chronic health among older adults. But, hardly any study ever attempted to quantify the contribution of these factors.
Place of residence contributed to about 50% of the inequality in functional deficiency, and nearly 30% in case of chronic illness among women. This could perhaps be attributed to excess engagement of women in informal rural activities throughout their life as compared with Open access urban women. For instance, in rural areas, women contribute significantly as agricultural labourers and are involved in core household management tasks including livestock rearing, collection of firewood and fetching water even in later life. 45 Their healthcare needs and nutritional requirements during childhood and adulthood have largely been neglected, in addition to lack of economic security, mobility and poor social interactions within the community. 46 The high contribution of rural areas in both IADL and chronic illness could be due to Open access inadequate healthcare infrastructure, poor accessibility and substandard quality of care. 47 48 This situation put women at a disproportionate disadvantage compared with their urban counterparts with better civic infrastructure, improved health facilities and regular check-ups.
Thus, the combined effect of heavy physical activities and widespread gender neglect in health and nutrition put rural women at a higher risk of functional limitations during later life as compared with their urban counterparts. 
Open access
The combined influence of social group (SCs/STs) and religion (Muslim) contributes to over 30% of the inequality in IADL disability among women. There were similar observations by other Indian studies among older population, where particular social groups were more disadvantaged in health and healthcare. 49 Complex interactions exist between social groups (castes) and religion in India where substantial inequality is present by gender, access to education, economic status and social groups. 50 The SC/ST and Muslim population, particularly women, are disadvantaged socioeconomically compared with other social groups. Historically, they are socially Open access excluded, illiterate and mainly engage in the informal sectors or as agricultural labourers. 50 Thus, there is the likelihood of reporting physical deficiency among women belonging to these social and religious groups. However, more research is required to establish this fact, at least in the case of Muslim women. Although, in recent years many affirmative initiatives have been launched to ensure better education, occupation and livelihood opportunities to those belonging to SCs/STs, especially women, it is too early to expect any major change.
Economic status was found to be the major contributor in explaining inequality in both IADL and chronic illness among older adults. However, sex-stratified analysis suggests that household economic status was a major factor in both IADL and chronic illness among men. But, in the case of women, household economic status and not IADL deficiency contributed to chronic illness. Earlier evidence supports these results and states that lack of economic support to older adults increased the likelihood of underutilisation of healthcare services in case of any morbidity/illness. 43 Studies argue that when it comes to interaction between gender and wealth, Indian women are at a disadvantage due to the long history of patriarchal kinship and economic structure at the household level. [51] [52] [53] Studies have documented that women in South Asia have restricted access to, and control over, resources within the household, 50 poor access to preventive and curative care as they are economically dependent on their husbands or on the male heads of household 54 and are most vulnerable when healthcare has to be purchased out-of-pocket or through private insurance. [55] [56] [57] Resourcepoor older individuals had lower use of healthcare despite their illness and this could be affecting women adversely considering the inadequate social protection plan, coupled with poor performance, specifically for the economically disadvantaged older people. 58 This was reflected in earlier studies, too.
strengths and limitations
The strengths and limitations of the study need to be highlighted. The methodological strength of the present study includes application of the concentration index. It is sensitive to changes in the outcome distribution (IADL and chronic illness) of the population across socioeconomic groups. The application of decomposition analysis 38 to examine the contribution of socioeconomic factors to the overall health inequality between the poor and the rich strengthens the findings of this study. Another major strength of this study is the nationally representative sample of older population drawn from the SAGE survey. SAGE is one of the prominent sources of data that provides substantial health and related information pertaining to the older population in India. It has addressed major data gaps in terms of growing socioeconomic inequalities in health in low/middle-income countries like India. 14 The study has used diagnosed chronic morbidity rather than reported to reduce any bias in the responses.
As far as the limitations are concerned, first, the findings based on regression-based decomposition models lack any causal interpretations. Second, the study does not include any variables related to psychosocial factors and the health system, which might explain both functional limitations and chronic illness among older adults. Third, the cross-sectional study design prevents establishment of any causal inferences from the study results. Finally, how health measures could have been affected by the type and composition of an individual's social network 33 has not been considered in this analysis.
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